Context: Adequate luteal phase progesterone exposure is necessary to induce endometrial changes required for a successful pregnancy outcome. The relationship between low midluteal progesterone concentration and the outcome of live birth in ovarian stimulation with intrauterine insemination (OS-IUI) treatments is not defined.
Conclusions: During OS-IUI, a low midluteal progesterone level was associated with a low probability of live birth. Thresholds differed by medication, with the lowest threshold for gonadotropin. Several pathophysiologic mechanisms may account for low progesterone levels. Refinement of the predictive range associated with particular ovarian stimulation medications during treatment of unexplained infertility may improve accuracy. (J Clin Endocrinol Metab 103: [2743] [2744] [2745] [2746] [2747] [2748] [2749] [2750] [2751] 2018) O varian stimulation (OS) with medications such as clomiphene citrate, letrozole, or gonadotropins coupled with intrauterine insemination (IUI) is often used to assist couples with unexplained infertility who desire to conceive (1, 2). Several factors are associated with pregnancy and live birth after ovarian stimulation with intrauterine insemination (OS-IUI) treatments, including the number of ovulatory-sized follicles that develop in response to ovarian stimulation (3, 4) , the age of the female partner (5, 6) , and the duration of infertility (7) . Adequate luteal phase production of progesterone is required for successful treatment outcomes to induce a receptive secretory phase endometrium necessary for implantation (8) .
After OS with gonadotropins (9-11) and with clomiphene citrate (12, 13) , abnormal luteal phases as assessed by low serum progesterone levels, short luteal phase length, or both have been reported. In addition, previous investigations have shown that luteal phase supplementation with progesterone may improve pregnancy and live birth rates in OS-IUI treatments (14, 15) . These observations suggest that OS-IUI treatment may result in an abnormal luteal phase in some cycles, which may be reflected as lower conception, clinical pregnancy, and live birth outcomes.
The relationship between luteal phase hormone dynamics and pregnancy outcomes in OS-IUI cycles is not clear. In part, this might be because the concept of "luteal insufficiency," its frequency of occurrence, and its clinical significance are widely debated. There is no universally accepted definition of luteal phase insufficiency (16) . Costello et al. (17) could not identify a relationship between midluteal progesterone concentration and the clinical pregnancy rate in 188 OS-IUI treatments with gonadotropins, but they did suggest that a low level may predict treatment failure. Yildirim et al. (18) found a positive association between luteal progesterone level and clinical pregnancy rates in 923 gonadotropin cycles in women with mixed diagnoses, as did Arce et al. (11) in a group of 335 anovulatory women.
To determine the level and frequency of low luteal phase serum progesterone and its relationship to pregnancy outcomes in unexplained infertility, we evaluated midluteal progesterone levels and live birth outcomes for women undergoing OS-IUI as part of the Assessment of Multiple Intrauterine Gestations from Ovarian Stimulation (AMIGOS) clinical trial (19) . We hypothesized that the live birth rate would be lower in cycles with a low midluteal progesterone level even after adjustment for factors known to affect success.
Materials and Methods

Patients
This was a secondary analysis of 2376 cycles of 900 participants in the AMIGOS clinical trial (19) . The trial design, analysis plan, and baseline characteristics of the participating couples as well as the trial outcomes have been published (19, 20) . Briefly, the AMIGOS trial was a prospective, multicenter, randomized clinical trial that evaluated conception, clinical pregnancy, live birth, and multiple gestation rates associated with OS-IUI in couples with unexplained infertility. The trial was conducted at 12 clinical locations in the United States (Clinicaltrials.gov no. NCT01044862). Treatment arms included clomiphene citrate (300 couples), letrozole (299 couples), and gonadotropin (Menopur ® , Ferring Pharmaceuticals, Parsippany, NJ) (301 couples). Clomiphene (Teva Pharmaceuticals, North Wales, PA) and letrozole (Novartis Pharmaceuticals, Basal, Switzerland) were acquired and coated by a third-party company (Almac Pharmaceuticals, Craigavon, UK). None of these companies had any involvement in the conduct of the trial. Couples underwent OS-IUI treatment in the randomized assigned study arm until up to four cycles were completed or pregnancy occurred. Participating women were $18 to #40 years with regular menses, had a normal uterine cavity with at least one patent fallopian tube, and had a male partner with a semen specimen with at least 5 million motile sperm in the ejaculate. Institutional review board approval was obtained at each study site, and all participants provided written informed consent. A data and safety monitoring board monitored the investigation.
Ovarian stimulation protocol and management
Ovarian stimulation consisted of one of the following: (1) clomiphene citrate 100 mg/d starting from day 3 6 2 of the menstrual cycle for 5 days, (2) letrozole 5 mg/d starting from day 3 6 2 of the menstrual cycle for 5 days, or (3) gonadotropins 150 U/d starting from day 3 6 2 of the menstrual cycle of variable duration and dose depending on response. Investigators were given flexibility as to the start date of medications, which was usually influenced by patient availability for baseline and follow-up ultrasonography examinations. In 84% of all cycles, medication was begun on cycle days 2, 3, and 4. Doses of each medication could be adjusted by the treating physician in subsequent cycles. In general, an increase in medication dose in a subsequent cycle occurred when a single follicle had developed in the prior cycle, with the goal of achieving a multifollicular response. A decrease in dose occurred when a prior cycle had been canceled because of an unacceptable risk for multiple gestation pregnancy as defined later.
The criteria for human chorionic gonadotropin (hCG) (Ferring Pharmaceuticals, Parsippany, NJ) administration in all OS-IUI cycles were as follows: (1) the first occurrence of a lead follicle reaching 20 mm in average diameter (the mean of two perpendicular diameters), (2) the first occurrence of two lead follicles .18 mm in average diameter, or (3) the day after the lead follicle reached 18 mm in average diameter. All subjects included in this analysis received a 10,000-IU dose of hCG. Criteria for cycle cancelation (withholding of hCG) were (1) a lead follicle that did not reach a mean diameter of 18 mm after 18 days of treatment (i.e., by cycle day 21), (2) the presence of an endogenous LH surge, (3) an increased risk for ovarian hyperstimulation syndrome or high-order multiple gestation pregnancy based on a serum estradiol level exceeding 3000 pg/mL, or (4) the presence of more than four follicles with a mean diameter .18 mm. IUI was performed within 44 hours after administration of hCG. Serum samples for progesterone assays were obtained 1 week (61 day) after the IUI. This timing corresponded to 8.7 6 0.8 days after the hCG injection (day 7.2 6 0.8 of the luteal phase). Clinical pregnancy was defined as an intrauterine pregnancy with fetal heart motion detected by transvaginal ultrasonography. Live birth was defined as the delivery of a viable infant at $20 weeks' gestation.
Endocrine assays
Blood analytes were determined blinded to the treatment arm and the outcome. Assays for Anti-Müllerian hormone (AMH) were performed on fasting samples obtained on cycle day 3 6 2 in a pretreatment cycle. Batched samples were analyzed at the Ligand Assay & Analysis Core Laboratory at the University of Virginia with the AMH Gen II ELISA (Beckman Coulter) (19) . Intra-assay and interassay coefficients of variation were 3% and 7%, respectively. Progesterone levels (radioimmunoassay; Siemens Corporation) were determined in batch at the University of Virginia. Intra-assay and interassay coefficients of variation were 4% and 7%, respectively.
Statistical analyses
Clinical data from the AMIGOS trial were obtained from the Data Coordinating Center (DCC) of the Collaborative Center for Statistics in Science at Yale University in New Haven, Connecticut. The DCC was responsible for data management in AMIGOS (including data entered at each participating center). Cycles available for analysis were 2695 (886 first cycles, 709 second cycles, 578 third cycles, 467 fourth cycles, and 55 fifth cycles). Fifth cycles occurred in some subjects who had a prior cycle canceled. Total evaluable cycles for our analysis were 2376. Exclusions were as follows: 123 due to hCG injection not given in the cycle of attempt, 19 with a follicular phase length recorded as .21 days, 6 with exogenous progesterone given in the luteal phase, and 171 duplications, entry errors, or missing data.
Defining progesterone thresholds
Efficiency curves were generated to explore the relationship between midluteal progesterone level and outcomes to identify a level below which live births did not occur and ranges for modeling. We graphed the live birth rate for all treatment groups combined and for each treatment group separately for each ng/mL increment in midluteal progesterone concentration. The generated curves show the probability of a live birth on the y-axis at or below the integer progesterone value on the x-axis. This process results in the exclusion of cycles above the given value (both live birth and non-live birth cycles). Thus, with each incremental decrease in progesterone, the total number of cycles decreases because of loss of both positive and negative outcomes. With this approach, it is possible for live birth rates to go up and down as progressively lower thresholds are evaluated. Because the efficiency curves suggested decreased live birth rates at approximately the 10th percentile for each treatment group independently, these 10th percentile thresholds (15.8 ng/mL for clomiphene cycles, 14.8 ng/mL for letrozole cycles, and 9.1 ng/mL for gonadotropin cycles) were used for subsequent modeling. These same thresholds are consistent with those in prior literature (21) (22) (23) (24) .
Data are frequency and percentages for categorical variables for each group comparison. x 2 analysis or Fisher exact test compared differences between groups. Means 6 SD are reported for continuous variables. Wilcoxon rank sum test was used to compare differences between two groups, and ANOVA or the Kruskal-Wallis test was used to evaluate differences among groups of three or more.
Modeling
Regression modeling was used to evaluate the relationship between midluteal progesterone level and the outcome of live birth in all cycles combined (2376 cycles). Then, because clomiphene citrate and letrozole (CC+L) treatment cycles had similar relationships between midluteal progesterone level and live birth, these cycles were modeled together (1671 cycles), whereas gonadotropin cycles were modeled separately (705 cycles).
Generalized estimating equation (GEE) modeling evaluated repetitive cycles in the same couples longitudinally to determine the association of midluteal phase progesterone values with subsequent live birth after adjustment for covariates. GEE modeling does not assume independence of cycles and adjusts for repetitive cycles in the same couple. The number of cycles for individuals who did not conceive after one attempt ranged from one to four. In each treatment group, models were developed that (1) adjusted for the number of ovulatory-sized follicles (16 mm or greater), (2) adjusted for estradiol level the day of the hCG trigger, and (3) adjusted for variables that differed between "low" (#10th percentile) and "normal" progesterone cycles as defined previously. These covariates included age, baseline body mass index (BMI), number of follicles 16 mm or greater at the time of the hCG trigger in the cycle of analysis, months attempting to conceive before entry into the study, treatment cycle number in the study, treatment medication, and length of the follicular phase in the current cycle before hCG injection. These characteristics were compared by progesterone group for each treatment. The day of progesterone measurement differed in gonadotropin cycles by categorization of the cycle as having low or normal progesterone; therefore, this too was included in the GEE modeling. Analyses were performed utilizing the Statistical Analysis System, version 9.4 (SAS Institute, Cary, NC) and NCSS 10 Statistical Software (2015) (NCSS, LLC, Kaysville, Utah), with a P value , 0.05 indicating statistical significance.
Results
Characteristics of all cycles by treatment group
Baseline clinical and treatment cycle characteristics by treatment group are displayed in Table 1 . BMI was statistically significantly different across the treatment groups, but other baseline characteristics, including age, AMH, and duration of infertility, were comparable (Table 1) . Treatment cycle-specific characteristics that differed across the treatment groups include the number of follicles $16 mm that developed during the stimulation, follicular phase length, estradiol level the day of the hCG trigger, and midluteal progesterone concentration (Table 1) . Live birth rate per cycle differed by treatment group (7.4%, 6.5%, and 12.1% per cycle in the clomiphene citrate, letrozole, and gonadotropin cycles, respectively) ( Table 1) .
Efficiency curves for live births by treatment group and midluteal progesterone level (unadjusted analyses)
Efficiency curves for live births for all cycles combined and by individual treatment groups (Fig. 1 ) demonstrated an increase in the live birth rate in all treatment groups with higher midluteal progesterone levels. There were no live births in the clomiphene citrate cycles when the midluteal progesterone level was ,14.4 ng/mL, in the letrozole cycles when it was ,13.1 ng/mL, and in the gonadotropin cycles when it was ,4.3 ng/mL.
We used the lowest 10th percentile of midluteal progesterone concentration for each unique treatment group to define low vs normal midluteal progesterone cycles. These thresholds were consistent with the developed efficiency curves and were 15.8, 14.8, and 9.1 ng/mL for clomiphene citrate, letrozole, and gonadotropin cycles, . The generated curves show the probability of a live birth on the y-axis at or below the integer progesterone value on the x-axis. This process results in the exclusion of cycles above the given value (both live birth and non-live birth cycles). Thus, with each incremental decrease in progesterone, the total number of cycles decreases because of loss of both positive and negative outcomes. With this approach, it is possible for live birth rates to go up and down as progressively lower thresholds are evaluated.
respectively. Using these cutpoints, live birth rates in low vs normal midluteal progesterone cycles were 1.2% vs 8.1% (P = 0.024) in the clomiphene cycles, 2.4% vs 7.0% (P = 0.158) in the letrozole cycles, and 8.5% vs 12.5% (P = 0.325) in the gonadotropin cycles (Supplemental Table 1 ).
Characteristics of cycles by progesterone category Characteristics of cycles stratified by treatment groups and by midluteal progesterone category are presented in Table 2 . Comparisons were performed for all treatment cycles combined (n = 2376). We also performed comparisons (and subsequent modeling) in the CC+L cycles combined (n = 1671), given the similar relationship between midluteal progesterone and live birth in these treatment cycles as demonstrated by efficiency curves (Fig. 1) . Because gonadotropin cycles had higher live birth rates at lower progesterone concentrations, these cycles (n = 705) were modeled independently.
For all cycles, age, BMI, number of follicles $16 mm on the day of the hCG trigger, follicular phase length, duration of infertility, and peak estradiol level differed by progesterone categories (Table 2 ). For the CC+L cycles, when the low and normal midluteal progesterone groups were compared, differences in each of the baseline and cycle-specific variables were similar to those found between low and normal progesterone groups in all cycles combined except for duration of infertility, which was not significantly different (Table 2 ). In the gonadotropin cycles, BMI, duration of infertility, peak estradiol level, and follicular phase length were different (Table 2) .
Pregnancy loss beyond an initially rising hCG level and clinical pregnancy loss rates were comparable across the progesterone categories for each of the treatment groups (Table 2) . In all cycles combined and in the oral medication-only cycles, live birth rates were lower in the low than in the normal progesterone cycles. In the gonadotropin only cycles, the live birth rate was also lower in the low progesterone cycles; however, this difference was not statistically significant (Table 2) . When a single follicle developed during ovarian stimulation, live birth rates were lower in the low progesterone than in the normal progesterone cycles. However, these differences in the live birth rates were not statistically significant: in all cycles, 4.1% vs 6.8%; in CC+L cycles, 3.2% vs 6.4%; and in gonadotropin cycles, 6.9% vs 7.5%; low vs normal progesterone, respectively. Using the respective cutpoints for all treatment cycles, a single midluteal progesterone level had a sensitivity of 90.5%, a specificity of 16.4%, a positive predictive value of 9.1%, and a negative predictive value of 94.9%.
Of interest, 18 women had repetitive low progesterone value cycles. These occurred in four treatment cycles in one woman, in three treatment cycles in five women, and in two cycles of OS-IUI in 12 women. However, the majority of the low progesterone cycles (195 cycles, 82%) were not repetitive.
Multivariable analyses
The GEE analysis results are shown in Table 3 . For all treatment cycles, with low progesterone as the referent In the oral medications (CC+L) group, cycles with normal midluteal progesterone had approximately twofold to fourfold greater odds of a live birth in the unadjusted and adjusted models (Table 3) . When normal to low progesterone groups were compared, the increased odds of a live birth held after adjustment for the number of follicles $16 mm on the day of the hCG trigger, age, duration of infertility, treatment medication, BMI, follicular phase length, and treatment cycle number (AOR: 2.09; 95% CI: 1.01, 4.34). As with the analyses of all cycles combined, replacing the number of follicles $16 mm on the day of the hCG trigger with peak estradiol level did not change the inference (AOR: 2.07; 95% CI: 1.01, 4.26).
For the gonadotropin treatment group, cycles with a normal midluteal progesterone cycle had ;1.3-to 1.6-fold greater odds of a live birth compared with the low progesterone cycles in the unadjusted and adjusted models (Table 3) ; however, this difference was not significant.
Discussion
In a cohort of women with unexplained infertility, we found that a low midluteal progesterone level (#15.8, #14.8, and #9.1 ng/mL for the clomiphene citrate, letrozole, and gonadotropin cycles, respectively) in OS-IUI treatment cycles was associated with lower probability of obtaining a live birth. In addition, there were no live births with a midluteal progesterone ,14.4, ,13.1, and ,4.3 ng/mL in the clomiphene citrate, letrozole, and gonadotropin cycles, respectively. To our knowledge, this is the largest investigation of the relationship between a single midluteal progesterone level in OS-IUI treatment cycles and the outcome of live birth and the only one focusing on women with unexplained infertility.
Our finding of lower live birth rate below the determined cutpoints held after adjustments for the number of ovulatory-sized follicles that developed as well as peak serum estradiol level during stimulation. We considered including both the number of ovulatory follicles and peak serum estradiol level in the same model. However, because both are collinear, adjusting for both in the same model would weaken our inference because of overadjustment. The consistency of our findings after adjustment for these alternative measures of the robustness of stimulation suggests that the observed lower live birth rate was not simply due to fewer follicles ovulating in low progesterone cycles. In addition, the live birth rate was lower in low progesterone cycles even when a single follicle developed during stimulation, although these differences did not reach statistical significance. The negative predictive value of a low midluteal progesterone cycle was 94.9% GEEs to estimate ORs and 95% CIs. Adjusted model 1 is adjusted for the number of follicles $16 mm on the day of the hCG trigger. Adjusted model 2 is adjusted for estradiol level the day of the hCG trigger. Adjusted model 3 is adjusted for variables that significantly differ by progesterone group. For all cycles: the number of follicles $16 mm on the day of the hCG trigger, age, duration of infertility, treatment medication, BMI, follicular phase length, and treatment cycle number; for clomiphene and letrozole cycles: the number of follicles $16 mm on the day of the hCG trigger, age, duration of infertility, treatment medication, BMI, follicular phase length, and treatment cycle number; and for gonadotropin cycles: the number of follicles $16 mm on the day of the hCG trigger, age, duration of infertility, BMI, follicular phase length, luteal phase day of progesterone level, and treatment cycle number. Boldface indicates statistical significance.
Abbreviation: Ref, referent group. a Cutpoints to define "low" vs "normal" midluteal progesterone cycles were the lowest 10th percentile for each medication independently and were consistent with the efficiency curves for each treatment group independently. Cutpoints were #15.8, #14.8, and #9.1 ng/mL for clomiphene, letrozole, and gonadotropin cycles, respectively.
Prior investigations have suggested similar cutoffs (10 to 15 ng/mL) to differentiate low from normal midluteal progesterone levels (21) (22) (23) . Of interest, our identified thresholds are within the range of those deemed necessary to induce normal midluteal phase endometrial gene expression in normally cycling reproductive-age women without a history of infertility (range, 9.4 to 18.1 ng/mL) (24) . A single midluteal progesterone value is a crude marker of luteal phase progesterone production, yet it was the best indicator available to us in this data set to assess luteal phase function. In natural unstimulated cycles, progesterone levels fluctuate dramatically over a period of hours in the luteal phase because of its pulsatile secretion (25) , which makes a single progesterone level obtained in the luteal phase difficult to interpret. These fluctuations in serum progesterone levels may be attenuated in cycles triggered with hCG and/or after treatment with OS medications (26) , and that is possibly why the single level here is more reflective of prognosis. Pooled daily values integrated over the luteal phase could have provided a more accurate determination of luteal progesterone production. However, this would have required multiple additional visits, which would have increased study participant burden and was not obtained in the AMIGOS study.
Differences in the performance of the midluteal progesterone thresholds across treatment medications are of interest. In the oral medication group, a low midluteal progesterone value (#15.8 and 14.8 ng/mL in the clomiphene and letrozole cycles, respectively) was clearly associated with lower chances of a live birth in both the unadjusted and adjusted models. However, in the gonadotropin treatment group, odds for a live birth increased with a progesterone level of .9.1 ng/mL in the models, although it was not statistically significant. Whether this poorer performance is due to the identification of the incorrect threshold or is simply a sample size limitation is uncertain. There are inherent challenges in detecting significant differences in live birth outcomes between progesterone groups with any of the medications because the absolute differences between groups are small. This is particularly true in the gonadotropin group, wherein the difference in live birth outcomes between progesterone groups was ;4%. CC+L groups were combined for analyses to mitigate potential sample size issues. The overall low live birth rate per cycle with any OS-IUI treatments is reflected in the low positive predictive value of a normal midluteal progesterone level (9.1%).
An unexpected finding of the present investigation is that live births occurred at markedly lower progesterone levels in cycles when ovarian stimulation was conducted with gonadotropins compared with oral medications.
Although our study design could not address this specific finding, it is possible that through their antiestrogenic effects (i.e., estrogen receptor antagonism associated with clomiphene and the inhibition of estrogen production with letrozole) the oral medications resulted in an endometrium that was less responsive to progesterone. Thus, higher progesterone levels are necessary to induce appropriate endometrial receptivity. Alternatively, but perhaps less likely, it is possible that embryo quality is superior after ovarian stimulation with gonadotropins compared with the oral medications.
Within a given cycle, midluteal progesterone concentration is a consequence of the number of corpora lutea producing progesterone as well as their function, which may vary from cycle to cycle and by treatment strategy. In the present investigation, differences in both cycle-specific and baseline characteristics were noted between cycles with normal or low progesterone. Specifically, low progesterone cycles were more common in women with a greater BMI. They were also associated with longer follicular phases than in normal progesterone cycles. Although longer follicular phase length and/or BMI was not independently associated with live birth, it is possible that both are mechanistically related to the development of a low midluteal progesterone cycle.
It was previously hypothesized that an abnormal luteal phase could occur during OS treatments because of high estradiol and/or progesterone concentrations during stimulation causing negative feedback on the hypothalamicpituitary axis. Secretion of LH necessary for continued progesterone production from the corpora lutea during the luteal phase would be inhibited (27) . We found no evidence to support this hypothesis, as normal progesterone cycles were associated with higher peak estradiol levels the day of hCG injection. If a low midluteal progesterone level is associated with a lower live birth rate in OS-IUI treatments, what are the potential mechanisms? It is possible that a low midluteal progesterone level is simply a reflection of fewer ovulatory follicles and/or poor granulosa cell function in a given cycle for any given patient, subsequently leading to a lower chance for a live birth. In the present investigation, we adjusted for stimulation quality by adjusting both the number of ovulatory-sized follicles and peak estradiol concentrations. After either adjustment, the relationship between midluteal progesterone level and live birth outcome was similar. This suggests that the observed association was not simply due to follicular phase events.
It remains unclear whether a midluteal progesterone concentration is a surrogate marker for factors that increase the chance for live birth, or alternatively, whether higher progesterone production is directly responsible for the observed difference in live birth rate in the AMIGOS trial. If the latter hypothesis is true, then luteal progesterone supplementation would be anticipated to improve outcomes in OS-IUI cycles. A recent meta-analysis suggested that there are improved outcomes in gonadotropin-IUI treatments when supplemented with luteal progesterone (28) . In cycles with clomiphene citrate or letrozole, this was not shown. However, only a single study has evaluated progesterone supplementation in letrozole cycles, and none of the clomiphene studies have included live birth as the outcome of interest (28, 29) .
Our investigation has several strengths and limitations. The AMIGOS clinical trial was a large, prospective, multicenter, randomized, controlled trial with a large number of evaluable cycles. Individual treatment cycles and participant characteristics were well characterized, and the treatments were standardized, including utilization of the same criteria for administration of the same dose of hCG in all the cycles. In addition, all of the progesterone assays were performed by a single laboratory, avoiding concerns regarding variability between sites. Because all cycles in the AMIGOS study were triggered with hCG, we cannot extrapolate our findings to those cycles wherein ovulation occurs as the result of a spontaneous LH surge, nor can they be generalized to women with diagnoses other than unexplained infertility. Because the gonadotropin preparation used in AMIGOS contained LH activity, we cannot extrapolate our findings to preparations consisting of pure FSH activity. Another limitation is the possibility that residual hCG from the ovulatory bolus or alternatively due to an early pregnancy contributed to the midluteal progesterone levels obtained in treatment cycles. However, the average day of the midluteal progesterone measurement was luteal phase day 7.2, making both explanations unlikely (30) .
In summary, in this large prospective clinical trial designed to evaluate the effectiveness of and multiple pregnancy rates after OS-IUI treatment in couples with unexplained infertility, we found that a low midluteal progesterone level is an important predictor of reduced odds for a live birth. Additional investigations are necessary to confirm this association and to help refine clinically useful cutoff values for a low midluteal progesterone level by stimulation protocol associated with lack of success in OS-IUI treatment cycles.
